In this paper, four potential cities to host an intermodal terminal for containers flowing through the Togolese transport corridor are examined. The transport cost minimization through the corridor is the main objective. Consequently, the transport modes that offer the least cost to the transport supply chain are proposed. To attain this goal the paper aims to identify the optimal location for an intermodal terminal on the Togolese corridor, by using the mathematical linear programming model. For this, three transport scenarios are analyzed, the rail, the road, and the combination of these two transport modes to each of the landlocked countries (LLCs) capital cities of Burkina Faso, Mali and Niger. Data of the average transport cost per mode, the cargo demand of the LLCs, and the distances from origin to destinations are input in the LINGO software. Based on the optimization results, we find that among the preselected terminals, the city of Mango located at 550 km in the northern part of the country is the optimal host location for an intermodal terminal along the Togolese corridor. The results of this study may be helpful to transport policy makers in the quest of rendering better servicing to the landlocked countries.
Introduction
In today's ever increasing demand-driven world, transport supply chain has become one of the crucial focus areas in many businesses. It is easy to underestimate the complexity of global supply chain. Yet the growth of global market, the increasing customer expectations, the raising costs, the more intense and diverse competitive pressures are driving the development of new transport strategies to cope with the intricate demand of cargo transport. Over the last 20 years or so, the growth of intra-continental trade and the observed increase of road transport inefficiencies have led to the need of examining the issue of competition with alternative modes (Snaddon D. R., 2001) [1] . Transport policies at different levels advocate rail as being a more sustainable traffic mode and therefore propose a shift of volumes from road to more energy efficient traffic modes. In this regard, Parola F., & Sciomachen A. (2005) [2] imply that the only strategic decision would be the implementation of rail for connecting seaports with hinterland through inland intermodal terminals. Those terminals are of major importance for the efficiency of the intermodal transport as well as for efficient access from/to seaports. Seaports and inland intermodal terminals are connected with high capacity traffic modes, such as rail, rather than only with road. According to Jean-Paul R. (2017) [3] , the selection of a transportation mode is the outcome of a number of factors. The author mentioned factors among which the cost being an important element to take into account, but also service, frequency and the general value of time attributed to the goods being transported. The attractiveness of a specific mode in relation to others is hence a trade-off between cost and value of time.
Though the causality between transport and wealth generation is not specific in the literature, transportation developments that have taken place since the beginning of the industrial revolution have been linked to growing economic opportunities. The role of infrastructure and reliable efficient transport in ensuring the movement of people and goods is obviously central for the development of countries. At each stage of societal development, a particular transport technology has been developed or adapted with an array of impacts. There has been significant growth in research on modal transport in freight distribution since the 1990s (Anny-del-Mar A.-A. & José M.-F., 2017) [4] . Improving transportation and especially intermodal transport has become a major goal in modern transport policy. In order to enhance logistics efficiencies and boost international trade in Africa, since the mid-1990s governments have embarked on formulating strategic reforms, particularly in the ports and inland transportation, in collaboration with lending organizations like the World Bank and African Development Bank (UNCTAD, 2003) [5] .
The transport logistics accounts for as much as 30% of the total cost of logistics operations, and is by far the largest component of the cost structure of a business' logistics (Chang Y.H., 1998) [6] . The inland transportation, happens to cost more in developing countries than in developed ones. These countries show a significant cost gap when compared to OECD countries. A poor transport service level can negatively affect the competitiveness of regions and corporations and thus have a negative impact on the regional added value and employment. The lack of transport infrastructures can be seen as a constraining factor on development. Although transport by itself is not a sufficient condition for devel-Journal of Transportation Technologies opment, in developing economies, the lack of transportation infrastructures and regulatory impediments are jointly impacting economic development by not only conferring higher transport costs, but also delaying rendering supply chain management to make them unreliable (Jean-Paul R., 2017) [3] . For these reasons, the overall cost of transportation and, by extension, doing business in African countries is much higher than in other developing regions like Latin America and Asia (Amjadi A., & Yates A., 1995) [7] .
In fact, in view of the crucial role transport supply chain plays, the need to reduce inland logistics costs is more acute in developing countries. To this end, Limão N., & Venables A. J. (2001) [8] conclude that the high costs of transportation in Sub-Sahara Africa accounts for much of the region's poor economic performance. They report that a landlocked country's transport costs can be up to 55 percent higher than those of a comparable coastal country.
To cope with the ever growing demand for cargo transport and consequently 
The Intermodal Terminal Localization Approach in the Literature
Most terminal location research has focused primarily on problems in which each demand point is uniquely allocated to a single terminal, meaning that, each demand point can send and receive via only a single terminal (Limbourg S., & Jourquin B., 2008) [18] . A large part of models dealt with the problem of designing intermodal terminals, including the planning for their location. Even with regard to the problem of optimizing the location, there are many different models using different methods (Mayer G Generally, throughout the literature pertaining to this field of research, few studies used the linear programming for the intermodal terminal localization.
Furthermore, there is no trace of previous pieces of literature on the topic of intermodal terminal localization for Togo, to a larger sense in West Africa.
The Methodological Approach of an Intermodal Terminal Localization
The Table 1 ). They suggest in terms of tonnage, that the minimum freight flows in the terminal catchment area should be 4 million tons/year. This would enable the formation of 1 block train daily and would justify the development of an intermodal terminal. Table 2 shows the import and export freight demand from 2005 to 2016 summed up for each destination. The data was obtained from the Burkinabe, Mali and Niger's Chamber of Commerce and PMAWCA (2016) [36] .
Data and Modelling

Data
The research forecast the cargo volume flow for the next 10 years (from 2017 to 2026). To attain this forecast, the researcher proceed by simply calculating the Journal of Transportation Technologies rate of evolution by variation period of n and then the overall average evolution rate which are both mathematically presented as followed:
Calculation of Rate Evolution by variation of year,
G t : Rate of evolution by variation period of (n). Calculation of Overall Average Evolution Rate,
m T : Overall Average Evolution Rate.
1 G t Rate of evolution by variation period from (n) to (n + 1).
Gn t
Rate of evolution by variation period over (n) period.
n: number of variation period.
Evolution Rate of demand obtained is on average 10.9 percent on yearly basis. This result meets our expectations as the world organization of road transport (IRU) 1 mentioned it in their report of fact sheet typical problems of intermodal terminals, that some terminals have an average growth rate of up to 10% on yearly basis. From these mathematical calculations, we obtain the results presented in Table 3 of which the forecasted volume starts from the year 2017.
Because of the spatial constraints and the challenges of extension of the terminal in the future, the storage space may become a limiting factor. Therefore this study is using the forecasted demand of the year 2023 as a benchmark. The year 2023 is selected as the benchmark year based on the Togolese PND (Plan National de Developpement) for the period 2018-2022. The PND is a national development plan which aims at the structural transformation of the Togolese economy. Its first three effects of the expected impacts in ax 1 of the plan document focus on the transport sector (Nadoun C., 2019) [37] . The forecasted imports and exports demand is used to determine the optimal intermodal terminal location along the Lomé-Ouagadougou, Niamey and Bamako transport corridors routes. Consequently, the proposed optimization model takes into account five types of parameters: the spatial parameter compiled in Table 3 (cargo's demand from the LLCs), the transport mode (rail and road), the preselected intermodal terminals and the distance between nodes (see Appendix 1 & 2). The average transport cost is in USD per ton per kilometre. This average transport price mechanism is calculated based on the fuel cost, road conditions, as well as any indirect and direct costs associated with inland transportation (Borderless, 2016) [38]. The upper limit on the freight rates is fixed by the road freight rates; i.e. the railway cannot set the freight rates higher than the road freight rates unless customers are willing to pay more than the road freight rates. Rajiv D., et al. (2011) [39] suggest that the freight rate should be set in sort to determine the optimum pricing policy and terminal location in order to guarantee a certain level of profit for the railway from the intermodal service; i.e. pricing should be set in such a way that the railway can achieve this profit without losing traffic to road transport. Henceforth this study applies the freight rate of 0.14 USD/ton/km as same as the one from Ivory Coast, added to the fact that the two countries share numerous similarities.
Intermodal Transport Modeling
It is then necessary to determine the location of the terminal to open as well as the path of the cargo streams so as to minimize the total transport cost.
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We designate by: 
Intermodal Terminal Location Objective Function
The decision to open a terminal or not can be represented by a binary variable The objective function of the model contains the average cost of transportation USD$/ton/km and by mode of transport, the origin distance hub and mode of transport passing through an intermodal terminal and the volume of cargo transported from origin to destination all also passing through an intermodal terminal. The model was implemented in "LINGO" by LINDO Systems 2 . Designed to model and solve linear, nonlinear, quadratic, integer and stochastic optimization problems. Table 4 presents the basic elements of mathematical modelling language syntax of "LINGO".
Optimization occurs after the implementation of the model in the LINGO mathematical modelling language (Figure 2) . Optimization results are shown in Table 5 . The optimization process involves finding the global solution for the specific data, which in this case means the best location for the intermodal terminal in terms of lowering transport costs to satisfy LLCs transport needs through the corridor.
The Intermodal Terminal Localization Results
The optimization results are shown in Table 5 . The most optimal location for Journal of Transportation Technologies the intermodal terminal is Y 3 which represents the city of Mango is located at 550 km away from the Lomé Port, in the northern part of Togo. 
Conclusions
The choice of location for an intermodal transport terminal is an important component in a regional transport supply chain system and a paramount decision for investors. It is of crucial importance in the logistic industry and research on the topic revealed that it deserves particular attention from practitioners. The reason lies in the fact that assessing the construction resources, time, and cost involved. If decision is made to build a logistic intermodal terminal at a specific location, but there is something faulty in the decision-making process, henceforth there is no question of destroying it within a few days after finding.
The paper developed the intermodal terminal network framework for the case study of the intermodal transport through the Togolese corridor. The present framework consisted of determining the optimal intermodal terminal location using the mathematical linear programming model computed in the LINGO software. This involved the modelling of the transport network, while taking into account the demand forecast of year 2023 of the 3 LLCs. This demand forecast was required to determine the viability of such a project. This research adds value to the transport sector in Togo and is unique in the sense that it's the first of its type to identify an optimal intermodal terminal location on the Togolese corridor through the use of an optimization method of mathematical linear programming. The present research identified the city of Mango as the optimal location for the intermodal terminal. The Mango city is located 550 km north of Lomé (Capital city of Togo). The optimization results reveal the optimal intermodal terminal location in terms of total transport cost minimization for containers cargo in direction to 3 LLCs of Burkina Faso, Mali and Niger. In line with the findings and in regard to the increasing trade volume due to the ever growing demand for transport cargo to and from the landlocked countries of Burkina Faso, Mali and Niger, this case study highlights the merits of the intermodal transport for the Togolese transport industry and, advises policy makers to take into consideration its results.
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